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(57) ABSTRACT

A 3-dimensional (3D) display apparatus and a 3D display
method thereof are provided. The 3D display apparatus
includes: a display unit which outputs a plurality of image
frames; a synchronization signal processor which generates a
synchronization signal corresponding to the image frames; a
controller which acquires period information of first and sec-
ond sequences of the synchronization signal and determines
whether the synchronization signal has been stabilized,
according to change information of the period information;
and a communicator which determines time information of
the stabilized synchronization signal according to the deter-
mination result and transmits shutter control data, which is
generated based on the time information, to 3D glasses.
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1
3D DISPLAY APPARATUS FOR USE IN
SYNCHRONIZATION WITH 3D GLASSES
AND 3D DISPLAY METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority from Korean Patent Appli-
cation No. 10-2011-0063980, filed on Jun. 29, 2011, in the
Korean Intellectual Property Office, the disclosure of which is
incorporated herein by reference in its entirety.

BACKGROUND

1. Field

Apparatuses consistent with exemplary embodiments
relate to a 3-dimensional (3D) display apparatus and a 3D
display method thereof, and more particularly, to a 3D display
apparatus which displays a 3D image and a 3D display
method thereof.

2. Description of the Related Art

Efforts to develop a 3-dimensional (3D) display apparatus
have accelerated for a further realistic watching. Therefore, a
3Dimage signal, which is mainly watched in a theater, may be
watched in a household by using a general display apparatus
such as a television (TV).

A 3D display apparatus is classified into a glasses type and
a non-glasses type according to whether glasses are to be
worn by a user or viewer. The non-glasses type corresponds to
a method of converting an image signal into a multifocal
image and outputting the multifocal image so that a user feels
a 3D effect without glasses.

The glasses type corresponds to a method by which if a
display apparatus alternately outputs a left eye image and a
right eye image, a user recognizes the left eye image with the
left eye and the right eye image with the right eye and thus
feels a 3D effect due to a displacement between the left and
right eye images.

The method that corresponds to the glasses type of appa-
ratus may be classified into a shutter glasses method and a
polarized method.

The shutter glasses method refers to a method by which
shutters of glasses are switched so that a left eye glass is
turned on when a left eye image is output and a right eye glass
is turned on when a right eye image is output. The polarized
method refers to a method by which a polarized direction of
light outputted from a display apparatus alternately shifts at
0° and 90° for a user who wears glasses having different
polarized directions.

The shutter glasses method adopts glasses which are more
expensive than the polarized method but is mainly adopted for
use in conjunction with a household TV.

In the shutter glasses method, an infrared (IR) method is
used to provide an image of a 3D display apparatus and
transmit a synchronization signal which is to synchronize
on-off operations of left and right eye glasses of 3D glasses.

Therefore, noise is inserted into a synchronization signal
through three wavelengths of a signal transmitted by a fluo-
rescent lamp or by another home appliance which transmits
an IR signal, such as a remote controller, and thus shutter
glasses frequently malfunction due to the inserted noise.

Also, if a wrong timing value is read or a 3D synchroniza-
tion jitter occurs due to noise occurring due to a channel
change or an input source change of a 3D display apparatus
when generating a synchronization signal, the shutter glasses
method does not include a method of correcting the wrong
timing value or the 3D synchronization jitter.
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Accordingly, a method of effectively filtering a 3D syn-
chronization jitter occurring in a synchronization signal gen-
erated by a 3D display apparatus to drive 3D glasses accord-
ing to a stabilized synchronization signal is required.

SUMMARY

One or more exemplary embodiments may overcome the
above disadvantages and other disadvantages not described
above. However, it is understood that one or more exemplary
embodiment are not required to overcome the disadvantages
described above, and may not overcome any of the problems
described above.

One or more exemplary embodiments provide a 3-dimen-
sional (3D) display apparatus which filters a 3D synchroni-
zation jitter to drive 3D glasses according to a stabilized
synchronization signal, and a display method thereof.

According to an aspect of an exemplary embodiment, there
is provided a 3D display apparatus. The 3D display apparatus
may include: a display unit which outputs a plurality of image
frames; a synchronization signal processor which generates a
synchronization signal corresponding to the image frames; a
controller which acquires period information of first and sec-
ond sequences of the synchronization signal and determines
whether the synchronization signal has been stabilized,
according to change information of the period information;
and a communicator which determines time information of
the stabilized synchronization signal according to the deter-
mination result and transmits shutter control data, which is
generated based on the time information, to 3D glasses.

The period information may be determined by the preset
number of synchronization signals.

The second sequence may be a sequence of the synchroni-
zation signal immediately after the first sequence.

The change information may be determined by a difference
between the period information of the first sequence and the
period information of the second sequence.

Whether the synchronization signal has been stabilized
may be determined according to whether the change infor-
mation is less than preset time information.

If a channel change or an input source change occurs, the
controller may determine whether the synchronization signal
has been stabilized.

The communicator may be a radio frequency (RF) com-
munication module.

The time information may be the period information of'the
second sequence.

The second sequence may be a last one of at least four or
more synchronization signal sequences which are received by
the controller.

If the change information is more than the preset time
information, the controller may acquire period information of
a third sequence after the second sequence and update the
change information to determine whether the synchroniza-
tion signal has been stabilized.

The shutter control data may be data which is related to
turning on or off of shutters of the 3D glasses.

According to an aspect of another exemplary embodiment,
there is provided a 3D display apparatus. The 3D display
apparatus may include: a display unit which outputs a 3D
image signal including a plurality of image frames; a syn-
chronization signal processor which generates a plurality of
synchronization pulses at output times of the plurality of
image frames; a controller which divides the plurality of
synchronization pulses in preset numbers to group the plural-
ity of synchronization pulses into a plurality of frame sections
and determines whether a synchronization signal has been
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stabilized, according to a time difference between two of the
plurality of frame sections; and a communicator which deter-
mines time information of the stabilized sync signal accord-
ing to the determination result and transmits shutter control
data, which is generated based on the time information, to 3D
glasses.

The controller may calculate averages of time intervals of
synchronization pulses of two consecutive frame sections
based on a predetermined one of the plurality of frame sec-
tions, and may calculate a time difference between the calcu-
lated averages.

The controller may determine whether the synchronization
signal has been stabilized, according to a time difference
between a third frame section and a subsequent frame section
of the plurality of frame sections.

If the calculation result is more than a preset threshold
value, the controller may repeat the calculation with respect
to the second frame section of the two consecutive frame
sections and the subsequent frame section, and if the calcu-
lation result is less than the preset threshold value, the con-
troller may determine that synchronization signals of the
second frame section of the two consecutive frame sections
and the subsequent frame section have been stabilized.

The controller may generate the shutter control data, which
is related to turning on or off of shutters of the 3D glasses,
based on the synchronization signals of the second frame
section and the subsequent frame section, and may control the
communicator to transmit the shutter control data to the 3D
glasses.

If a channel change or an input source change occurs, the
controller may determine whether the synchronization signal
has been stabilized.

The communicator may be an RF communication module.

The controller may sequentially divide the plurality of
synchronization pulses into groups of 16 to group the plural-
ity of synchronization pulses into the plurality of frame sec-
tions, and may determine whether the synchronization signal
has been stabilized according to whether the time difference
is smaller than or equal to 4 ys.

According to an aspect of another exemplary embodiment,
there is provided a 3D display method of a 3D display appa-
ratus. The 3D display method may include: outputting a 3D
image signal including a plurality of image frames on a
screen; generating a plurality of synchronization pulses at
output times of the plurality of image frames; dividing the
plurality of synchronization pulses in preset numbers to
group the plurality of synchronization pulses into a plurality
of frame sections and determining whether a synchronization
signal has been stabilized, according to a time difference
between two of the plurality of frame sections; determining
time information of the stabilized synchronization signal
according to the determination result; and transmitting shut-
ter control data, which is generated based on the time infor-
mation, to 3D glasses.

The determination of whether the synchronization signal
has been stabilized may include: calculating averages of time
intervals of synchronization pulses of two consecutive frame
sections based on a predetermined frame section of the plu-
rality of frame sections, and calculating a time difference
between the calculated averages.

Whether the synchronization signal has been stabilized
may be determined according to a time difference between a
third frame section and a subsequent frame section of the
plurality of frame sections.

If the calculation result is more than a preset threshold
value, the calculation may be repeated with respect to the
second frame section of the two consecutive frame sections
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and a subsequent frame section, and if the calculation result is
less than the preset threshold value, synchronization signals
of'the second frame section and the subsequent frame section
may be determined to be stabilized.

The transmission of the shutter control data to the 3D
glasses may include: generating the shutter control data,
which is related to turning on or off of shutters of the 3D
glasses, based on the synchronization signals of the second
frame section and the subsequent frame section; and trans-
mitting the shutter control data to the 3D glasses.

If a channel change or an input source change occurs,
whether the synchronization signal has been stabilized may
be determined.

The shutter control data may be transmitted to the 3D
glasses by using an RF communication method.

The plurality of synchronization pulses may be sequen-
tially divided into groups of 16 to be grouped into the plurality
of frame sections, and whether the synchronization signal has
been stabilized may be determined according to whether the
time difference is smaller than or equal to 4 ps.

According to an aspect of another exemplary embodiment,
there is provided a recording medium which stores a program
for performing a filtering method of filtering a 3D synchro-
nization jitter. The filtering method may include: sequentially
dividing a plurality of synchronization pulses, which are gen-
erated at output times of first and second image frames ofa3D
image signal, in preset numbers to group the plurality of
synchronization pulses into a plurality of frame sections; and
selecting a frame section for driving 3D glasses from the
plurality of frame sections to filter the 3D synchronization
jitter.

The filtering of the 3D synchronization jitter may include:
sequentially dividing the plurality of synchronization pulses
in the preset numbers to group the plurality of synchroniza-
tion pulses into the plurality of frame sections; determining
whether each of the plurality of synchronization pulses has
been stabilized, according to a time difference between aver-
ages of synchronization pulses of two consecutive frame sec-
tions of the plurality of frame sections; determining time
information of each stabilized synchronization signal accord-
ing to the determination result; and transmitting shutter con-
trol data, which is generated based on the time information, to
the 3D glasses, wherein the averages of the synchronization
pulses of the two consecutive frame sections are calculated
based on a predetermined frame section of the plurality of
frame sections to calculate the time difference between the
calculated averages. If the calculation result is more than a
preset threshold value, the calculation is repeated with respect
to the second frame section of the two consecutive frame
sections and a subsequent frame section, and if the calculation
result is less than the preset threshold value, synchronization
pulses of the second frame section of the two consecutive
frame sections are determined to be stabilized.

As described above, according to the exemplary embodi-
ments, an operation of 3D glasses may be controlled accord-
ing to a stabilized synchronization signal from which a 3D
synchronization jitter has been filtered. Therefore, malfunc-
tioning of the 3D glasses may be prevented.

Additional aspects and advantages of the exemplary
embodiments will be set forth in the detailed description, will
be obvious from the detailed description, or may be learned
by practicing the exemplary embodiments.

BRIEF DESCRIPTION OF THE DRAWING
FIGURES

The above and/or other aspects will be more apparent by
the following detailed description of exemplary embodi-
ments, with reference to the accompanying drawings, in
which:
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FIG. 1 is a view illustrating a 3-dimensional (3D) image
providing system according to an exemplary embodiment;

FIG. 2 is a block diagram illustrating a structure of a 3D
display apparatus according to an exemplary embodiment;

FIG. 3 is a view illustrating a method of filtering a synchro-
nization signal according to an exemplary embodiment;

FIG. 4 is a block diagram illustrating a structure of 3D
glasses according to an exemplary embodiment;

FIGS.5A and 5B are views illustrating an operationofa 3D
image providing system according to an exemplary embodi-
ment; and

FIG. 6 is a flowchart illustrating a 3D display method of
filtering a synchronization signal according to an exemplary
embodiment.

DETAILED DESCRIPTION OF THE
EXEMPLARY EMBODIMENTS

Hereinafter, exemplary embodiments will be described in
greater detail with reference to the accompanying drawings.

In the following description, same reference numerals are
used for the same elements when they are depicted in differ-
ent drawings. The matters defined in the description, such as
detailed construction and elements, are provided to assistin a
comprehensive understanding of the exemplary embodi-
ments. Thus, it is apparent that the exemplary embodiments
can be carried out without those specifically defined matters.
Also, functions or elements known in the related art are not
described in detail, because they would obscure the exem-
plary embodiments with unnecessary detail.

FIG. 1 is a view illustrating a 3-dimensional (3D) image
providing system according to an exemplary embodiment.
Referring to FIG. 1, the 3D image providing system includes
a 3D display apparatus 100 which displays a 3D image on a
screen and 3D glasses 200 which are used to watch the 3D
image.

The 3D display apparatus 100 outputs a plurality of image
frames according to a 3D image signal and generates a syn-
chronization signal corresponding to the plurality of image
frames. In other words, the 3D display apparatus 100 gener-
ates the synchronization signal which is to drive the 3D
glasses 200 at output times of left and right eye image frames.

The 3D display apparatus 100 acquires period information
of first and second sequences of the synchronization signal
and determines whether the synchronization signal has been
stabilized, according to changes in the period information. In
particular, the first and second sequences refer to frame sec-
tions into which the synchronization signal is divided in pre-
set numbers of synchronization pulses and grouped.

In more detail, the 3D display apparatus 100 divides a
plurality of synchronization pulses in preset numbers to
group the plurality of synchronization pulses into a plurality
of frame sections and determines whether the synchroniza-
tion signal has been stabilized, according to a time difference
between two of the plurality of frame sections.

The 3D display apparatus 100 determines time information
of the stabilized synchronization signal, generates shutter
control data, which is to alternately open and close left and
right eye glasses of the 3D glasses 200, based on the time
information, and transmits the shutter control data to the 3D
glasses 300 according to a radio frequency (RF) communica-
tion protocol.

Therefore, if the 3D display apparatus 100 turns on a 3D
mode, the 3D display apparatus 100 may filter the synchro-
nization signal, which has non-uniform time intervals due to
a 3D synchronization jitter which occurs due to a channel
change or an input source change in the 3D mode. Also, the
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3D display apparatus 100 may control on/off operations of the
3D glasses 200 according to the stabilized synchronization
signal to prevent the 3D glasses 200 from malfunctioning.

The 3D glasses 200 are realized as active type shutter
glasses and receive a shutter control signal from the 3D dis-
play apparatus 100 to selectively open and close the left and
right eye glasses of the 3D glasses 200.

According to various exemplary embodiments, the 3D dis-
play apparatus 100 may filter a 3D synchronization jitter to
generate shutter control data, which is to control opening and
closing of the left and right eye glasses of the 3D glasses 200
based on a stabilized synchronization signal. Therefore, the
3D display apparatus 100 may prevent flickers from occur-
ring due to malfunctioning of the 3D glasses 200.

Also, since the 3D display apparatus 100 transmits the
shutter control signal according to the RF communication
protocol, the 3D display apparatus 100 may prevent the shut-
ter glasses of the 3D glasses 200 from malfunctioning due to
an insertion of noise into a synchronization signal through
three wavelengths of a fluorescent lamp or other home appli-
ances which transmit an RF signal, such as a remote control-
ler.

The 3D image providing system according to the present
exemplary embodiment may further include a camera (not
shown), which is to generate the 3D image.

The camera is a type of photographing apparatus which
generates a 3D image and generates a left eye image which is
captured to be provided to a left eye of a user and a right eye
image which is captured to be provided to a right eye of the
user. The 3D image includes left and right eye images which
are alternately provided to the left and right eyes of the user so
as to generate a 3D effect due to a binocular disparity.

For this purpose, the camera includes a left eye camera
which is to generate the left eye image and a right eye camera
which is to generate the right eye image. Also, a distance
between the left and right eye cameras is determined in con-
sideration of a distance between both eyes of a human.

The camera transmits the captured left and right eye images
to the 3D display apparatus 100. In particular, the left and
right eye images are transmitted from the camera to the 3D
display apparatus 100 in a format in which a frame includes
only one of the left and right eye images or in a format in
which a frame includes both the left and right eye images.

The camera may determine one of various 3D image for-
mats, generate a 3D image according to the determined 3D
image format, and transmit the 3D image to the 3D display
apparatus 100.

FIG. 2 is a block diagram illustrating a structure of the 3D
display apparatus 100, according to an exemplary embodi-
ment. Referring to FIG. 2, the 3D display apparatus 100
includes an image receiver 110, an image processor 120, a
synchronization signal processor 130, a display unit 140, a
controller 150, a storage unit 160, a user interface unit 170,
and a communicator 180.

The image receiver 110 receives a 2D or 3D image signal
from a broadcasting station or a satellite by a wire or wireless
communication channel and demodulates the 2D or 3D image
signal. The image receiver 110 may also be connected to an
external device, such as a camera or the like, to receive a 3D
image. The external device may be connected to the 3D
display apparatus 100 by a wireless communication channel
or by a wire communication channel through an interface
such as S-Video, a component, a composite, D-Sub, a digital
visual interface (DVI), a high definition multimedia interface
(HDMI), or the like.

The 3D image refers to an image which includes at least
one frame, i.e., an image in which each of frames includes left



US 9,167,238 B2

7

and right eye images or each of frames includes a left eye
image or a right eye image. In other words, the 3D image is an
image which is generated according to one of various 3D
image formats.

Therefore, the 3D image received through the image
receiver 110 may be generated according to various formats.
In particular, the 3D image may be generated according to a
format complying with one of a top-bottom method, a side-
by-side method, a horizontal interleave method, a vertical
interleave method, a checker board method, and a sequential
frame method.

The image receiver 110 transmits the received 2D or 3D
image to the image processor 120.

The image processor 120 performs signal processing, such
as video decoding, format analyzing, video scaling, etc., and
an addition operation of a graphical user interface (GUI) with
respect to the 2D or 3D image received through the image
receiver 110.

In particular, the image processor 120 generates left and
right eye images corresponding to a size (e.g., 1920%*1080
resolution) of a screen by using a format of the 2D or 3D
image received through the image receiver 110.

For example, if the format of the 3D image is a format
complying with the top-bottom method, the side-by-side
method, the horizontal interleave method, the vertical inter-
leave method, the checker board method, or the sequential
frame method, the image processor 120 extracts left and right
eye images from each image frame and scales or interpolates
the extracted left and right eye images to generate left and
right eye images which are to be provided to a user.

If the format of the 3D image complies with a general
frame sequence method, the image processor 220 prepares to
extract a left or right eye image from each frame and then
provides the extracted left or right eye image to the user.

Input information regarding on the format of the 3D image
may be included or may not be included in the 3D image.

For example, if the input information regarding the format
of the 3D image is included in the 3D image, the image
processor 120 analyzes the 3D image to extract the informa-
tion fromthe 3D image and processes the 3D image according
to the extracted information. If the information regarding the
format of the 3D image is not included in the 3D image, the
image processor 120 processes the 3D image according to a
format input from the user or a preset format.

The image processor 120 time-divides the processed left
and right eye images and alternately transmits the time-di-
vided left and right eye images to the display unit 130. In other
words, the image processor 120 transmits the left and right
eye images to the display unit 140 in sequential order, such as,
for example, “left eye image [.1—»right eye image R1—left
eye image [.2—right eye image R2— .. ..~

The synchronization signal processor 130 generates a syn-
chronization signal corresponding to a plurality of image
frames based on the 3D image. In more detail, the synchro-
nization signal processor 130 may generate a plurality of
synchronization pulses respectively corresponding to output
times of a plurality of image frames, i.e., display timings of
left and right eye images. The synchronization signal proces-
sor 130 transmits the generated synchronization signal to the
controller 150.

The display unit 140 outputs the plurality of image frames.
In more detail, the display unit 140 alternately outputs the left
and right eye images, which are output from the image pro-
cessor 120, and provides the left and right eye images to the
user.
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The controller 150 controls an overall operation of the 3D
display apparatus 100 according to a user command received
from the user interface unit 180 or a preset option.

Inparticular, the controller 150 controls the image receiver
110 and the image processor 120 to receive the 3D image,
generate the synchronization signal corresponding to the left
and right eye images based on the 3D image, divide the 3D
image into left and right eye images, and scale or interpolate
each of the left and right eye images to a size enough to be
displayed on a screen.

The controller 150 determines whether the synchroniza-
tion signal provided from the synchronization signal proces-
sor 130 has been stabilized. The controller 150 filters the
synchronization signal having non-uniform time intervals
according to whether the synchronization signal has been
stabilized.

In general, in order to open and close left and/or right eye
shutter glasses of 3D glasses at fixed times, a time interval
between a synchronization signal corresponding to an output
time of a left eye image frame and a synchronization signal
corresponding to an output time of a right eye image frame
should be fixed.

However, if a 3D synchronization jitter occurs when a 3D
display apparatus turns on a 3D mode, and a channel or an
input source is changed in the 3D mode, a time interval
between synchronization signals becomes non-uniform.

Therefore, the left and/or right eye shutter glasses of the 3D
glasses may not be opened and closed at fixed timings, and
thus flickers may occur in the 3D glasses. As a result, a
synchronization signal, which has non-uniform time intervals
due to a 3D synchronization jitter, is to be filtered.

For this purpose, the controller 150 acquires period infor-
mation of first and second sequences of the synchronization
signal. In particular, the period information of the first and
second sequences is determined by the preset number of
synchronization pulses. In other words, sequences may
respectively include the same number of synchronization
pulses.

The controller 150 determines change information accord-
ing to a difference between the period information of the first
sequence and the period information of the second sequence,
which is a sequence of the synchronization signal after the
first sequence, and determines whether the determined
change information is less than preset time information to
determine whether the synchronization signal has been sta-
bilized.

In more detail, if the change information between the first
and second sequences is less than the preset time information,
the controller 150 determines groupings of synchronization
pulses, which are included in the second sequence and sub-
sequent sequences, as stabilized synchronizaton signals. If
the change information between the first and second
sequences is more than the preset time information, the con-
troller 150 acquires period information of a third sequence
after the second sequence and updates the change information
to determine whether the synchronization signal has been
stabilized. In other words, the controller 150 determines the
change information between the second and third sequences
to determine whether a synchronization signal included in the
third sequence has been stabilized.

The controller 150 determines time information of the
stabilized synchronization signal and controls the communi-
cator 180 to transmit shutter control data, which is generated
based on the time information, to the 3D glasses 200.

In more detail, if the change information between the first
and second sequences is less than the preset time information,
the controller 150 determines a synchronization signal
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included in the second sequence as a stabilized synchroniza-
tion signal and determines the period information of the sec-
ond sequence as time information of the stabilized synchro-
nization signal to generate the shutter control data based on
the determined time information.

If a channel or an input source is changed, the controller
150 may perform operations as described above.

Because the first and second sequences of the synchroni-
zation signal refer to the preset number of frame sections into
which the synchronization signal is divided, an operation of
the controller 150 may be described in more detail below.

The controller 150 divides a plurality of synchronization
pulses in preset numbers to group the plurality of synchroni-
zation pulses into a plurality of frame sections and determines
whether the synchronization signal has been stabilized,
according to a time difference between two of the plurality of
frame sections to filter a synchronization signal which has
non-uniform time intervals due to a 3D synchronization jitter.

In more detail, the controller 150 calculates an average of
time intervals of synchronization pulses of two consecutive
frame sections based on a predetermine frame section of the
plurality of frame sections and calculates a time difference
between the calculated averages.

Here, the controller 150 may calculate a time difference
between averages calculated from a third frame section and a
next frame section of the plurality of frame sections.

This operation may be performed if a channel change or an
input source change occurs in the 3D display apparatus 100.
This is because there is quite a possibility that time intervals
of a synchronization signal will be non-uniform due to a 3D
synchronization jitter in initial two frame sections from a time
when the channel change or the input source change occurs in
the 3D display apparatus 100.

Also, if the time difference between the two consecutive
frame sections is greater than or equal to a preset threshold
value, the controller 150 repeats the above calculation with
respect to the second frame section of the two consecutive
frame sections and a subsequent frame section. If the time
difference between the two consecutive frame sections is
smaller than the preset threshold value, the controller 150
may determine that synchronization signals included in the
second frame section of the two consecutive frame sections
and the subsequent frame section have been stabilized.

The controller 150 determines time information of the
stabilized synchronization signals and controls the commu-
nicator 180 to transmit shutter control data, which is gener-
ated based on the time information, to the 3D glasses 200.

In other words, the controller 150 may generate shutter
control data, which is to control opening and closing timings
of'the left and right eye shutter glasses of the 3D glasses 200,
based on synchronization signals included in stabilized frame
sections.

In particular, the shutter control data may be a signal which
is to alternately open the left and right eye shutter glasses of
the 3D glasses 200 (e.g., in the case of a shutter glasses
method) at display times of left and right eye images and may
include data related to turning on or off of the 3D glasses 200.
In other words, the shutter control data may be generated in a
packet form which includes 3D parameters for opening and
closing the left and right eye shutter glasses of the 3D glasses
200. Also, the 3D parameters may include information
regarding on-off times of the left and right eye shutter glasses.

The purpose of the shutter control is to display a left eye
image on the display unit 140 at a left eye opening time of the
3D glasses 200 and a right eye image on the display unit 140
at a right eye opening time of the 3D glasses 200.
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For example, a 3D parameter may include information that
anopen time ofthe left eye glass ofthe 3D glasses 200 is O ms,
a close time of the left eye glass of the 3D glasses 200 is
16.682 ms, an open time of the right eye glass is 16.683 ms,
and a close time of the right eye glass is 33.365 ms.

The 3D glasses 200 alternately open and close the left and
right eye shutter glasses according to the shutter control data
received from the 3D display apparatus 100 so that a user
watches left and right eye images with left and right eyes,
respectively.

A method by which the controller 150 determines whether
a synchronization signal has been stabilized, in order to filter
a synchronization signal having non-uniform time intervals,
will now be described in more detail with reference to FIG. 3.

FIG. 3 is a view illustrating a method of filtering a 3D
synchronization jitter according to an exemplary embodi-
ment. Referring to FIG. 3, a synchronization signal 300 has a
frame frequency of 60 Hz. Also, each of one or more preset
events, i.e., an event of turning on a 3D mode in the 3D display
apparatus 100, and a channel change event or an input source
change event in the 3D mode, occurs at time “t”.

The controller 150 sequentially divides a plurality of syn-
chronization pulses into groups of 16 to group the plurality of
synchronization pulses into a plurality of frame sections T,
T,,T,,T;...(@.e.,afirst sequence, a second sequence, a third
sequence . .. ). The controller 150 first determines whether the
synchronization signal 300 has been stabilized in the four
frame sections.

However, as described above, since the initial two frame
sections are first filtered, the controller 150 calculates a time
difference between two consecutive frame sections T, and T
after the initial two frame sections T, and T .

In more detail, the controller 150 calculates an average of
time intervals of synchronization pulses included in the two
frame sections T, and T; (i.e., the controller 150 acquires
period information between sequences). In other words, the
controller 150 divides a time of the frame section T, by the
same number as the number (16) of synchronization pulses
included in the frame section T, to calculate an average of
time intervals of the synchronization pulses included in the
frame section T,. The controller 150 calculates an average of
time intervals of synchronization pulses included in the frame
section T; by using the same method as that of calculating the
average for the frame section T,.

The controller 150 calculates a time difference between the
calculated averages, i.e., determines change information
between period information of sequences. In more detail, the
controller 150 calculates a difference between an average of
the synchronization pulses of the frame section T, and an
average of the synchronization pulses of the frame section T.

The controller 150 compares the calculation result with a
preset threshold value to determine whether a synchroniza-
tion signal has been stabilized, i.e., determines whether the
determined change information is preset time information to
determine whether the synchronization signal has been sta-
bilized. Here, the preset threshold value may be 4 us.

If the calculation result is less than the preset threshold
value, i.e., satisfies Equation 1 below, the controller 150
determines that the synchronization pulses of the frame sec-
tion T, which is the second frame section of two frame
sections, have been stabilized. In other words, the controller
150 determines that a synchronization signal included in a
last one of received at least four or more synchronization
pulse sequences has been stabilized.

The controller 150 may generate shutter control data,
which is to control timings of openings and closings of the left
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and right eye shutter glasses of the 3D glasses 200, based on
sync signals included in the frame section T; and subsequent
frame sections T,,, T5, Ts . . . .

1T5-T151<0.4p(sec) (€8]

However, if the calculation result is more than the preset
threshold value, the controller 150 repeats the above calcula-
tion with respect to the frame section T; of two frame sections
and the subsequent frame section T,.

In other words, the controller 150 calculates averages of the
intervals between successive synchronization pulses of the
frame sections T; and T, and compares a difference between
the calculated averages with a preset threshold value. For
example, the preset threshold value may be 4 ps.

If the calculation result is less than the preset threshold
value, i.e., satisfies Equation 2 below, the controller 150
determines that the synchronization pulses of the frame sec-
tion T,, which is the second frame section of two frame
sections, have been stabilized. The controller 150 may gen-
erate shutter control data, which is to control opening and
closing times ofthe left and right eye shutter glasses of'the 3D
glasses 200, based on the synchronization signals included in
the frame section T, and subsequent frame sections T,
Ts....

1T4—T51<0.4p(sec) 2)

However, if the calculation result is more than the preset
threshold value, the controller 150 repeats the above calcula-
tion with respect to the frame section T, of two frame sections
and the subsequent frame section T.

As described above, the controller 150 repeats the above-
described operation until a time difference between two con-
secutive frame sections is smaller than a preset threshold
value, to determine whether a synchronization signal has
been stabilized.

As described with reference to FIG. 3, a plurality of syn-
chronization pulses are sequentially divided into groups of
16, and an exemplary preset threshold value is 4 us. However,
this example is applicable when the frame frequency is 60 Hz,
but may be differently set according to the frame frequency.

In the above described exemplary embodiment, an event of
starting a 3D mode starts in the 3D display apparatus 100 and
a channel change event or an input source change event in the
3D mode have been described as an example of twisting a
timing of a synchronization signal. This is only an example,
and the present inventive concept may be applied to a case
where time intervals of successive pulses in a synchronization
signal are non-uniform in the 3D display apparatus 100 due to
other factors (e.g., interferences of external signals).

Referring to FIG. 2 again, the storage unit 160 is a storage
medium which stores various types of programs necessary for
operating the 3D display apparatus 100 and may be realized
as a memory, a hard disk drive (HDD), or the like. For
example, the storage unit 160 may include a read only
memory (ROM) which is to store a program necessary for
performing an operation of the controller 150, a random
access memory (RAM) which is to temporarily store data
generated by performing the operation of the controller 150,
and so on. The storage unit 160 may further include an elec-
tronically erasable and programmable ROM (EEROM)
which is to store various types of reference data, etc.

The user interface unit 170 transmits a user command,
which is received from an input unit such as a remote con-
troller, an input panel, or the like, to the controller 150. In
particular, the user interface unit 170 may receive a user
command to start the 3D mode and change a channel or an
input source in the 3D mode.
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The communicator 180 communicates with the 3D glasses
200. In more detail, the communicator 180 may include a
radio frequency (RF) communication module to communi-
cate with a communicator 210 of the 3D glasses 200 based on
the RF communication protocol.

For example, the communicator 180 may include a Blue-
tooth communication module or a ZigBee communication
module to communicate with the communicator 210 of the
3D glasses 200 according to a Bluetooth communication
protocol or a ZigBee communication protocol.

The communicator 180 transmits the shutter control data,
which is generated by the controller 150, to the 3D glasses
200. Therefore, the shutter control data may synchronize with
output timings of left and right eye images in the 3D display
apparatus 100 to turn on/off shutters of the 3D glasses 200.

The display unit 140 may include detailed structures such
as a panel driver (not shown), a backlight driver (not shown),
and a backlight emitter (not shown), and its detailed descrip-
tions will be omitted.

The 3D display apparatus 100 according to the present
exemplary embodiment may be realized to display a 3D
image or both a 2D image and a 3D image. For example, the
3D display apparatus 100 may be realized as a 3D TV, but this
is only an exemplary embodiment. Therefore, the 3D display
apparatus 100 may be realized as any apparatus which can
display a 3D image. For example, the 3D display apparatus
100 may be a 3D monitor, a 3D image projector, or the like.

If the 3D display apparatus 100 displays a 2D image, the
3D display apparatus 100 may use the same method as that
used by an existing 2D display apparatus. If the 3D display
apparatus 100 displays a 3D image, the 3D display apparatus
100 may receive a 3D image signal from a photographing
apparatus, such as a camera or the like, or a 3D image signal
which is captured by a camera and edited/processed and
transmitted by a broadcasting station, process the received 3D
image signal, and display the processed 3D image on a screen.
In particular, the 3D display apparatus 100 may process left
and right eye images, time-divide the processed left and right
eye images, and alternately display the time-divided left and
right eye images, with reference to a format of a 3D image.

FIG. 4 is a block diagram illustrating a structure of the 3D
glasses 200 according to an exemplary embodiment. Refer-
ring to FIG. 4, the 3D glasses 200 includes a communicator
210, a controller 220, a driver 230, and a glasses unit 240.

The 3D glasses 200 may be realized as active type shutter
glasses. A shutter glasses type corresponds to a display
method which uses a binocular disparity and which is to
provide an image of a display apparatus and synchronize an
on-off operation of left and right eye glasses of 3D glasses so
that a user perceives an image observed at different angles as
having a depth dimension due to brain activity.

The shutter glasses type has a principle of synchronizing
left and right eye image frames played by the 3D display
apparatus 100 with shutters of the 3D glasses 200. In other
words, left and right eye glasses of the 3D glasses 200 may be
selectively opened and closed according to left and right
image signals of the 3D display apparatus 100 to generate a
3D image. A detailed structure of the 3D glasses 200 accord-
ing to the present exemplary embodiment will now described.

The communicator 210 communicates with the 3D display
apparatus 100. In more detail, the communicator 210 may
include an RF communication module to perform RF com-
munications with the communicator 180 of the 3D display
apparatus 100 according to an RF communication protocol.

For example, the communicator 210 may include a Blue-
tooth communication module or a ZigBee communication
module to communicate with the communicator 180 of the
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3D display apparatus 100 according to a Bluetooth commu-
nication protocol or a ZigBee communication protocol.

The communicator 210 receives the shutter control data,
which is generated for the 3D image by the controller 150 of
the 3D display apparatus 100, and transmits the shutter con-
trol data to the controller 220.

The controller 220 controls an overall operation of the 3D
glasses 200. In particular, the controller 220 generates a con-
trol signal based on the received shutter control data and
transmits the control signal to the driver 230 to control the
driver 230. In particular, the controller 220 controls the driver
230 to generate a driving signal, which is to drive the glasses
unit 240, based on 3D parameters included in the shutter
control data.

The driver 230 generates a shutter driving signal based on
the control signal received from the controller 220. The driver
230 may be realized to pivot glasses of the glasses unit 240.

In particular, the glasses unit 240, which will be described
later, includes a left eye shutter glass 242 and a right eye
shutter glass 244. Therefore, the driver 230 generates a left
eye shutter driving signal which is to drive a shutter of the left
eye shutter glass 242 and a right eye shutter driving signal
which is to drive a shutter of the right eye shutter glass 244 and
respectively transmits the left and right eye shutter driving
signals to the left eye shutter glass 242 and the right eye
shutter glass 244.

The glasses unit 240 includes the left eye shutter glass 242
and the right eye shutter glass 244. The glasses unit 240 also
opens and closes the left and right eye shutter glasses 242 and
244 according to the left and right eye shutter driving signals
received from the driver 230.

Shutters of the left and right eye shutter glasses 242 and
244 may be realized by using liquid crystals. In other words,
the glasses unit 240 may open and close the shutters by using
liquid crystals of the left and right eye shutter glasses 242 and
244.

The 3D glasses 200 may include a power supply unit (not
shown) which is to supply power to the 3D glasses 200. A
power state of the power supply unit may be controlled by the
controller 220.

FIGS. 5A and 5B are views illustrating an operation of the
3D image providing system, according to an exemplary
embodiment. In more detail, FIG. 5A illustrates an operation
of the 3D image providing system which does not filter a
synchronization signal, and FIG. 5B illustrates an operation
of'the 3D image providing system which filters a synchroni-
zation signal.

As shown in FIG. 5A, shutter control data is generated
according to an unstable synchronization signal and transmit-
ted to the 3D glasses 200. In other words, a 3D synchroniza-
tion jitter occurs due to a start of a 3D mode in the 3D display
apparatus 100 and a change of a channel or an input source in
the 3D mode, and thus a timing of a synchronization signal is
not uniform.

A shutter control signal, which is generated based on the
unstable synchronization signal, includes an incorrect 3D
parameter. In other words, on-off times of the left and right
eye glasses of the 3D glasses 200 are not uniform. Therefore,
since the left and right eye glasses of the 3D glasses 200 are
not opened and closed at uniform time intervals, flickers may
occur due to malfunctioning of the 3D glasses 200.

As shown in FIG. 5B, shutter control data is generated
according to a stable synchronization signal and transmitted
to the 3D glasses 200. In other words, this operation corre-
sponds to a synchronization detection operation which is
performed according to an exemplary embodiment.
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Therefore, the shutter control data is generated according
to the synchronization signal having pulses disposed at the
uniform time intervals, transmitted to the 3D glasses 200, and
includes a normal 3D parameter. Therefore, the left and right
eye glasses of the 3D glasses 200 are opened and closed at
uniform time intervals. Accordingly, malfunctioning of the
3D glasses 200 may be prevented.

FIG. 6 is a flowchart illustrating a 3D display method
according to an exemplary embodiment.

In operation S610, a 3D image signal is displayed on a
screen. In this case, a plurality of image frames, i.e., left and
right eye image frames, may be alternately output.

In operation S620, a plurality of synchronization pulses are
generated. In more detail, a plurality of synchronization
pulses corresponding to output times of a plurality of image
frames, i.e., display timings of left and right eye image
frames, may be generated.

In operation S630, a determination is made as to whether
the synchronization signals have been stabilized.

In detail, a plurality of synchronization pulses may be
divided in preset numbers to group the plurality of synchro-
nization pulses into a plurality of frame sections. Also, a
determination may be made as to whether the synchroniza-
tion signals have been stabilized, according to a time differ-
ence between two of the plurality of frame sections.

In more detail, based on a predetermined frame section of
a plurality of frame sections, averages of time intervals of
synchronization pulses included in two consecutive frame
sections may be calculated, a time difference between the
calculated averages may be calculated, and the time differ-
ence may be compared with a preset threshold value to deter-
mine whether the synchronization signals have been stabi-
lized.

In other words, if the calculation result of the time differ-
ence between the two consecutive frame sections is more than
the preset threshold value, the above-described calculation
may be repeated with respect to the second frame section of
the two consecutive frame sections and a subsequent frame
section. If the calculation result is less than the preset thresh-
old value, synchronization signals included in the second
frame section of the two consecutive frame sections and the
subsequent frame section may be determined to be stabilized.

In operation S640, shutter control data is generated and
transmitted based on the stabilized synchronization signals.

In more detail, if the time difference between the two
consecutive frame sections is less than the preset threshold
value, shutter control data, which is to turn on or off shutters
of’3D glasses, may be generated based on the synchronization
signals of the second frame section of the two consecutive
frame sections and the subsequent frame section, and trans-
mitted to the 3D glasses. In other words, shutter control data
is generated and transmitted based on synchronization pulses
included in a frame section including stabilized synchroniza-
tion signals and a subsequent frame section.

In operation S630, a determination may be made as to
whether synchronization signals have been stabilized,
according to a time difference between a third frame section
of a plurality of frame sections and a subsequent frame sec-
tion.

Also, in operation S630, if a channel change or an input
source change of a 3D display apparatus occurs, the determi-
nation as to whether the synchronization signals have been
stabilized may be performed.

In the present exemplary embodiment, the shutter control
data may be transmitted to the 3D glasses by using an RF
communication method. Also, the plurality of synchroniza-
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tion pulses may be sequentially divided into groups of 16 to
be grouped into a plurality of frame sections, and the preset
threshold value may be 4 ps.

The above-described methods may be realized by a 3D
display apparatus according to an exemplary embodiment or
another 3D display apparatus which does not include all of the
same elements as those of the present 3D display apparatus.

Also, in the present inventive concept, the 3D display appa-
ratus may include a recording medium which stores a pro-
gram for executing a filtering method of filtering a 3D syn-
chronization jitter.

In this case, the filtering method includes: sequentially
dividing a plurality of synchronization pulses, which are gen-
erated at output times of first and second image frames ofa 3D
image signal, in preset numbers and grouping the plurality of
synchronization pulses into a plurality of frame sections; and
selecting a frame section for driving 3D glasses from the
plurality of frame sections to filter the 3D synchronization
jitter.

The filtering of the 3D synchronization jitter includes:
sequentially dividing the plurality of synchronization pulses
in the preset numbers to group the plurality of synchroniza-
tion pulses into the plurality of frame sections; and determin-
ing whether the synchronization signals have been stabilized,
according to a time difference between averages of intervals
of successive synchronization pulses of two consecutive
frame sections of the plurality of frame sections; and deter-
mining time information of the stabilized synchronization
signals according to the determination result and transmitting
shutter control data, which is generated based on the time
information, to the 3D glasses. In order to determine whether
the synchronization signals have been stabilized, averages of
synchronization signals of two consecutive frame sections of
the plurality of frame sections may be calculated based on a
predetermined frame section of the plurality of frame sec-
tions, and a time difference between the calculated averages
may be calculated. If the calculation result is more than a
preset threshold value, the calculation may be repeated with
respect to the second frame section of the two consecutive
frame sections and a subsequent frame section. If the calcu-
lation result is less than the preset threshold value, a synchro-
nization signal of the second frame section of the two con-
secutive frame sections may be determined to be stabilized.

A computer readable recording medium storing a program
for executing such a filtering method includes all types of
recording devices which store data which can be read by a
computer system. Examples of the computer readable record-
ing medium include a ROM, a RAM, a CD-ROM, a magnetic
tape, a floppy disk, an optical data storage device, etc. The
computer readable recording medium can also be distributed
over network coupled computer systems so that a computer
readable code is stored and executed in a distributed fashion.
The filtering method may be realized by the above-described
3D display method.

The foregoing exemplary embodiments and advantages are
merely exemplary and are not to be construed as limiting the
present inventive concept. The exemplary embodiments can
be readily applied to other types of apparatuses. Also, the
description of the exemplary embodiments is intended to be
illustrative, and not to limit the scope of the claims, and many
alternatives, modifications, and variations will be apparent to
those skilled in the art.

What is claimed is:

1. A 3-dimensional (3D) display apparatus comprising:

a display unit which outputs a plurality of image frames;

a synchronization signal processor which generates a syn-

chronization signal corresponding to the image frames;
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a controller which acquires period information of first and
second sequences of pulses of the synchronization sig-
nal and determines whether the synchronization signal
has been stabilized, according to change information of
the respective period information; and

a communicator which determines time information of the
stabilized synchronization signal according to the deter-
mination result and transmits shutter control data, which
is generated based on the time information, to 3D
glasses.

2. The 3D display apparatus as claimed in claim 1, wherein
the period information is determined by a preset number of
pulses included in the synchronization signal.

3. The 3D display apparatus as claimed in claim 1, wherein
the second sequence is a sequence of pulses of the synchro-
nization signal immediately following the first sequence.

4. The 3D display apparatus as claimed in claim 1, wherein
the change information is determined by a difference between
the period information of the first sequence and the period
information of the second sequence.

5. The 3D display apparatus as claimed in claim 1, wherein
whether the synchronization signal has been stabilized is
determined according to whether the change information is
less than preset time information.

6. The 3D display apparatus as claimed in claim 1, wherein
if a channel change or an input source change occurs, the
controller determines whether the synchronization signal has
been stabilized.

7. The 3D display apparatus as claimed in claim 1, wherein
the communicator is a radio frequency (RF) communication
module.

8. The 3D display apparatus as claimed in claim 1, wherein
the time information is the period information of the second
sequence.

9. The 3D display apparatus as claimed in claim 1, wherein
the second sequence is a last one of at least four or more
synchronization signal pulse sequences which are received by
the controller.

10. The 3D display apparatus as claimed in claim 1,
wherein if the change information is more than a preset time
information, the controller acquires period information of a
third sequence after the second sequence and updates the
change information to determine whether the synchroniza-
tion signal has been stabilized.

11. The 3D display apparatus as claimed in claim 1,
wherein the shutter control data is data which is related to
turning on or off of shutters of the 3D glasses.

12. A 3D display apparatus comprising:

a display unit which outputs a 3D image signal comprising

a plurality of image frames;

a synchronization signal processor which generates a plu-
rality of synchronization pulses at output times of the
plurality of image frames;

a controller which divides the plurality of synchronization
pulses in preset numbers to group the plurality of syn-
chronization pulses into a plurality of frame sections and
determines whether a synchronization signal has been
stabilized, according to a time difference between two of
the plurality of frame sections; and

a communicator which determines time information of the
stabilized synchronization signal according to the deter-
mination result and transmits shutter control data, which
is generated based on the time information, to 3D
glasses.

13. The 3D display apparatus as claimed in claim 12,

wherein the controller calculates averages of time intervals of
synchronization pulses of two consecutive frame sections



US 9,167,238 B2

17

based on a predetermined one of the plurality of frame sec-
tions and calculates a time difference between the calculated
averages.

14. The 3D display apparatus as claimed in claim 12,
wherein the controller determines whether the synchroniza-
tion signal has been stabilized according to a time difference
between a third frame section and a subsequent frame section
of the plurality of frame sections.

15. The 3D display apparatus as claimed in claim 12,
wherein if the calculation result is more than a preset thresh-
old value, the controller repeats the calculation with respect to
the second frame section of the two consecutive frame sec-
tions and a subsequent frame section, and if the calculation
result is less than the preset threshold value, the controller
determines that synchronization signals of the second frame
section of the two consecutive frame sections and the subse-
quent frame section have been stabilized.

16. The 3D display apparatus as claimed in claim 15,
wherein the controller generates the shutter control data,
which is related to turning on or off of shutters of the 3D
glasses, based on the synchronization signals of the second
frame section and the subsequent frame section and controls
the communicator to transmit the shutter control data to the
3D glasses.

17. The 3D display apparatus as claimed in claim 12,
wherein if a channel change or an input source change occurs,
the controller determines whether the synchronization signal
has been stabilized.

18. The 3D display apparatus as claimed in claim 12,
wherein the communicator is an RF communication module.

19. The 3D display apparatus as claimed in claim 12,
wherein the controller sequentially divides the plurality of
synchronization pulses into groups of 16 to group the plural-
ity of synchronization pulses into the plurality of frame sec-
tions and determines whether the synchronization signal has
been stabilized, according to whether the time difference is
smaller than or equal to 4 ys.

20. A 3D display method of a 3D display apparatus, the 3D
display method comprising:

outputting a 3D image signal comprising a plurality of

image frames on a screen;
generating a plurality of synchronization pulses at corre-
sponding output times of the plurality of image frames;

dividing the plurality of synchronization pulses in preset
numbers to group the plurality of synchronization pulses
into a plurality of frame sections and determining
whether a synchronization signal has been stabilized,
according to a time difference between two of the plu-
rality of frame sections; and

determining time information of the stabilized synchroni-

zation signal according to the determination result and
transmitting shutter control data, which is generated
based on the determined time information, to 3D
glasses.

21. The 3D display method as claimed in claim 20, wherein
the determination of whether the synchronization signal has
been stabilized comprises:

calculating averages of time intervals of synchronization

pulses of two consecutive frame sections based on a
predetermined frame section of the plurality of frame
sections; and

calculating a time difference between the calculated aver-

ages.

22. The 3D display method as claimed in claim 20, wherein
whether the synchronization signal has been stabilized is

20

25

30

40

45

65

18

determined according to a time difference between a third
frame section and a subsequent frame section of the plurality
of frame sections.

23. The 3D display method as claimed in claim 20, wherein
if the calculation result is more than a preset threshold value,
the calculation is repeated with respect to the second frame
section of the two consecutive frame sections and a subse-
quent frame section, and if the calculation result is less than
the preset threshold value, synchronization signals of the
second frame section and the subsequent frame section are
determined to be stabilized.

24. The 3D display method as claimed in claim 20, wherein
the transmission of the shutter control data to the 3D glasses
comprises:

generating the shutter control data, which is related to

turning on or off of shutters of the 3D glasses, based on
synchronization signals of the second frame section and
the subsequent frame section; and

transmitting the generated shutter control data to the 3D

glasses.
25. The 3D display method as claimed in claim 20, wherein
if a channel change or an input source change occurs, a
determination of whether the synchronization signal has been
stabilized is made.
26. The 3D display method as claimed in claim 20, wherein
the shutter control data is transmitted to the 3D glasses by
using an RF communication method.
27. The 3D display method as claimed in claim 20, wherein
the plurality of synchronization pulses are sequentially
divided into groups of 16 to be grouped in to the plurality of
frame sections, and whether the synchronization signal has
been stabilized is determined according to whether the time
difference is smaller than or equal to 4 ps.
28. A non-transitory recording medium which stores a
computer-executable program for performing a filtering
method of filtering a 3D synchronization jitter,
wherein the filtering method comprises:
sequentially dividing a plurality of synchronization
pulses, which are generated at output times of corre-
sponding first and second image frames of a 3D image
signal, in preset numbers to group the plurality of
synchronization pulses into a plurality of frame sec-
tions;
selecting a frame section for driving 3D glasses from the
plurality of frame sections to filter the 3D synchroni-
zation jitter;
determining whether a synchronization signal has been
stabilized, according to a time difference between
averages of successive intervals of synchronization
pulses of two consecutive frame sections of the plu-
rality of frame sections;
determining time information of the stabilized synchro-
nization signal according to the determination result;
and
transmitting shutter control data, which is generated
based on the time information, to the 3D glasses.
29. The recording medium as claimed in claim 28,
wherein the averages of the successive intervals of the
synchronization pulses of the two consecutive frame
sections are calculated based on a predetermined frame
section of the plurality of frame sections to calculate the
time difference between the calculated averages, and

wherein if the calculation result is more than a preset
threshold value, the calculation is repeated with respect
to the second frame section of the two consecutive frame
sections and a subsequent frame section, and
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wherein if the calculation result is less than the preset
threshold value, synchronization signals of the second
frame section of the two consecutive frame sections are
determined to be stabilized.
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